Introduction {#section5-1753466620932508}
============

Bronchiectasis is a complex progressive pulmonary disease characterized by irreversible dilation of the airways and is diagnosed by high resolution computed tomography.^[@bibr1-1753466620932508],[@bibr2-1753466620932508]^ It is the end result of a number of conditions including, but not limited to, prior infection, interstitial lung disease, immunodeficiency, chronic obstructive pulmonary disease (COPD) and rheumatic lung disease; in addition, there is a sizable fraction of cases in which no cause is identified.^[@bibr3-1753466620932508]^ The prevalence of non-cystic fibrosis bronchiectasis (NCFB) has been growing at a rate of 8.7% per year since 2001 and potentially may affect more than 500,000 people in the United States currently.^[@bibr4-1753466620932508],[@bibr5-1753466620932508]^

The dilation and subsequent change in the architecture of the airways is thought to be caused by an acute or chronic insult that leads to inflammation.^[@bibr3-1753466620932508]^ Dilated airways result in impaired mucociliary clearance and airway obstruction, and in combination with dysregulated immune responses, increase the propensity for infection.^[@bibr3-1753466620932508]^ These mechanisms can interact and self-perpetuate, leading over time to impaired lung function. In some patients with NCFB, this leads to recurrent respiratory infections, which has been associated with a decline in pulmonary function and progression of the disease.^[@bibr2-1753466620932508],[@bibr6-1753466620932508],[@bibr7-1753466620932508]^ Therefore, bronchiectasis treatment centers around addressing the underlying cause, airway clearance, and suppression of chronic infection.^[@bibr7-1753466620932508]^

Patients with bronchiectasis may have exacerbations that lead to an increase in healthcare utilization and poor health-related quality of life. These outcomes are particularly important because they have been linked to worse severity scores, such as the bronchiectasis severity index, and increased mortality.^[@bibr8-1753466620932508]^ Ideally, effective therapies would reduce exacerbations and the need for hospitalizations, as well as improve quality of life and respiratory symptoms. A number of pharmacological interventions have been used for NCFB with mixed results, including expectorants, mucolytics and mucokinetics, and antibiotics.^[@bibr9-1753466620932508],[@bibr10-1753466620932508]^ Chronic antibiotic use has resulted in reductions in exacerbation rates in NCFB, but this therapy is associated with significant side effects.^[@bibr11-1753466620932508]^ Non-pharmacological modalities of treatment include chest physiotherapy, postural drainage, chest wall percussion and vibration, forced expiration, positive expiratory pressure devices, and high frequency chest wall oscillation (HFCWO).^[@bibr12-1753466620932508]^ Typically, HFCWO therapy is utilized if other airway clearance techniques or devices have been ineffective.

HFCWO, delivered *via* a percussive vest, is a commonly accepted means for airway clearance in cystic fibrosis (CF) and NCFB. Several studies in CF patients found HFCWO therapy as effective as or superior to other airway clearance methods.^[@bibr13-1753466620932508][@bibr14-1753466620932508][@bibr15-1753466620932508][@bibr16-1753466620932508][@bibr17-1753466620932508][@bibr18-1753466620932508][@bibr19-1753466620932508][@bibr20-1753466620932508]--[@bibr21-1753466620932508]^ While there are numerous studies that compare the effectiveness of various devices in treating adults with CF, studies that address airway clearance methods in NCFB are small, short in duration, and do not test similar outcomes.^[@bibr22-1753466620932508][@bibr23-1753466620932508][@bibr24-1753466620932508][@bibr25-1753466620932508]--[@bibr26-1753466620932508]^ For these reasons, studies are still needed to determine the best airway clearance therapy in NCFB.^[@bibr27-1753466620932508]^ Despite the paucity of information regarding the outcomes on the use of HFCWO in NCFB, the therapy has gained some level of acceptance.^[@bibr28-1753466620932508],[@bibr29-1753466620932508]^ This study was designed to explore the effectiveness of HFCWO in patients with NCFB in the real-world setting using a large data set from a prospectively collected outcomes registry.

Methods {#section6-1753466620932508}
=======

Study population {#section7-1753466620932508}
----------------

The High Frequency Chest Wall Oscillation Outcomes Registry (HFCWO-OR) was designed to collect demographic and clinical data from NCFB patients, aged 21 years and older, before and after prescription of HFCWO therapy using the inCourage system (RespirTech, a Philips company, St. Paul, MN, USA). Data are housed and managed by an independent actuarial firm (Cirdan Health Systems, St. Paul, MN, USA) and results are used for quality control purposes by prescribing physicians. Only patients with bronchiectasis were included in this study, as indicated by any of the following diagnosis codes: 494.0, 494.1 (ICD-9), or J47.9, J47.1 (ICD-10), and the diagnosis was confirmed using chest computed tomography (CT) by the prescribing physician. For this study, all successive records from September 2013 to November 2015 were extracted, de-identified, and delivered to NAMSA (Minneapolis, MN, USA) for statistical analysis. Western Institutional Review Board's (WIRB) IRB Affairs Department has confirmed that this study meets the conditions for IRB exemption under 45 CFR 46.101(b)(4). In addition, informed consent was obtained from all patients.

The HFCWO-OR comprises phone surveys of patients at structured intervals of zero months (the baseline HFCWO training date), 1 month, 3 months, 6 months, 12 months, and at 6 month intervals thereafter. During each survey, patients were asked how many hospitalizations for respiratory causes had occurred since starting therapy. For the baseline interview, the question applied to the previous year. In addition, patients were asked about the number of antibiotic treatments received for respiratory purposes and also rated their respiratory health and ability to clear secretions on a five-point Likert scale ([Table 1](#table1-1753466620932508){ref-type="table"}). In addition, for a subset of patients, a detailed chart review was performed.

###### 

Questions asked by the outcomes survey.

![](10.1177_1753466620932508-table1)

  Likert scale                                                                                                              How would you rate your overall respiratory health?   How would you rate your ability to clear your lungs?
  ------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------- ------------------------------------------------------
  1                                                                                                                         Poor                                                  Poor
  2                                                                                                                         Fair                                                  Fair
  3                                                                                                                         Good                                                  Good
  4                                                                                                                         Very good                                             Very good
  5                                                                                                                         Excellent                                             Excellent
  **Are you currently taking any antibiotics for your breathing problems?**                                                 Y or N                                                
  **Since starting vest therapy, how many times have you been in the hospital for breathing problems (as an admission)?**   Zero                                                  
                                                                                                                                                                                  One
                                                                                                                                                                                  Two
                                                                                                                                                                                  Three or more

Analyses {#section8-1753466620932508}
--------

Data were sometimes unavailable for either the pre- or post-training intervals, Accordingly, two complementary strategies were utilized to analyze the results. The "pooled" approach included all available data regardless of where the subjects were in their follow-up schedule. This approach maximized the number of patients in the study because it considered pre and post data in an aggregate, regardless of the presence of missing records. This was more consistent with an approach that is intended to be compared against an outside benchmark. The disadvantage of this approach was that it did not account for potential biases due to inclusion of differing patient groups at different times during the course of treatment. The "pairwise" approach focused only on those patients with both baseline and a specific follow-up interval in the survey registry. While this method resulted in fewer subjects compared with the pooled cohort, it allowed for a direct comparison of change from baseline to follow-up for individual pre and post data pairs.

In all methods, services were limited to those that occurred within the defined study period. The post-training therapy period used in the study was limited to the date a device was returned regardless of the chart review end date. The device was deemed returned if a patient was deceased, and the return date acted as a proxy for a date of death where necessary.

Confidence limits were calculated at a 95% level for all measures. *p*-values for pairwise data with a binary outcome were calculated using McNemar's test and Bowker's test for categorical outcomes with more than two levels. *p*-values for the change in score on a continuous scale were based on a two-sided Wilcoxon test. *p*-values for the pooled quality of life data were calculated using a repeated measures model. Statistical analysis was performed on SAS Version 9.3 (SAS Institute, Cary, NC, USA) or later.

Results {#section9-1753466620932508}
=======

The data extract included 2596 NCFB patients with an average age of 70 years, age range 21--101 years, 63% female, 37% male. The patient data represented services provided by 1374 different medical practitioners. The largest concentration of patients associated with a single National Provider Identifier was 1.9%. Because the HFCWO-OR is constantly growing, there are more data available for the first months after initiating HFCWO therapy than for later survey intervals ([Figure 1](#fig1-1753466620932508){ref-type="fig"}). Every effort was made to reach patients in the HFCWO-OR at the designated time intervals, with a success rate of 78.0%.

![Characteristics of the patient population used for this study. Included is the distribution of patient age and the number of patients found at each survey cohort time interval.](10.1177_1753466620932508-fig1){#fig1-1753466620932508}

One hundred and ninety-eight patients were included in the subset for detailed chart review. The average age of the subset was 70 years, age range 23--92 years, 69% female, 31% male. Data were extracted from the charts regarding hospitalizations and antibiotic use and correlated with self-reported data.

The results of both pairwise and pooled approaches for hospitalization and quality of life produced remarkably similar results despite the differing methodology. In the subsequent discussions, paired data were used unless otherwise indicated.

Comparison of hospitalizations before and after initiation of HFCWO therapy shows a substantial reduction in the number of hospitalizations ([Table 2](#table2-1753466620932508){ref-type="table"}). The number of patients who had at least one respiratory-related hospitalization decreased from 49.1% (192/391) in the year before to 24.0% (94/391) in the year after starting HFCWO therapy (*p*-value \< 0.001). In addition, the percentage of patients who required three or more hospitalizations (frequent exacerbators) decreased from 14.3% (56/391) in the year prior to HFCWO therapy to 5.6% (22/391) in the year after starting HFCWO therapy (*p*-value \< 0.001) ([Figure 2](#fig2-1753466620932508){ref-type="fig"}). In addition, the rate of hospitalizations fell from 0.887 to 0.404 admits/patient in the year before and after initiating HFCWO therapy, respectively: a reduction of 54.5% (*p*-value \< 0.001). In the frequent exacerbators, based on the prior year data, 50.0% had no admissions in the year after initiating HFCWO therapy, while only 17.9% continued to fall in the 3+ category.

###### 

Self-reported hospitalizations for patients in the 12 months before and the 12 months after initiating high frequency chest wall oscillation therapy.

![](10.1177_1753466620932508-table2)

  A. Paired data   12 months prior   12 months after                                                                                                                   
  ---------------- ----------------- ----------------- -------------------------------- -------------------------------- ----- ------ -------------------------------- --------------------------------
  None             199               50.9              45.9                             55.9                             297   76     71.7                             80.2
  1 admission      93                23.8              19.6                             28.0                             52    13.3   9.9                              16.7
  2 admissions     43                11.0              7.9                              14.1                             20    5.1    2.9                              7.3
  3+ admissions    56                14.3              10.9                             17.8                             22    5.6    3.3                              7.9
  Total            391               100                                                                                 391   100                                     
  B. Pooled data   12 months prior   12 months after                                                                                                                   
                   *n*               \%                Lower 95% confidence limit (%)   Upper 95% confidence limit (%)   *n*   \%     Lower 95% confidence limit (%)   Upper 95% confidence limit (%)
  None             988               45.3              43.2                             47.4                             313   75.1   70.9                             79.2
  1 admission      548               25.1              23.3                             26.9                             56    13.4   10.2                             16.7
  2 admissions     265               12.1              10.8                             13.5                             22    5.3    3.1                              7.4
  3+ admissions    381               17.5              15.9                             19.1                             26    6.2    3.9                              8.6
  Total            2182              100                                                                                 417   100                                     

The count and proportion is shown for patients who had zero, 1, 2, or 3+ admissions. Lower and upper 95% confidence limits are also shown. A shows results for subjects for which paired before and after data were available. B shows the results for pooled data.

![The proportion of patients who had zero, 1, 2, or 3+ hospital admissions in the year before and the year after initiating high frequency chest wall oscillation therapy. Data were from the paired data set. Error bars are 95% confidence limits.](10.1177_1753466620932508-fig2){#fig2-1753466620932508}

In parallel to this improvement, the proportion of patients who answered positively to the question "Are you currently taking oral antibiotics for breathing problems?" dropped sharply after initiating HFCWO use, from 57.7% initially to 29.9% after 1 year (*p*-value \< 0.001). It is notable that the drop was evident after the first month and sustained for at least 1 year ([Figure 3](#fig3-1753466620932508){ref-type="fig"}).

![The proportion of patients who answered "yes" to the question: "Are you presently using antibiotics for breathing problems?" The *x*-axis indicates months since initiating high frequency chest wall oscillation therapy. Data were from the paired data set. Error bars are 95% confidence limits.](10.1177_1753466620932508-fig3){#fig3-1753466620932508}

The patient-reported quality of life questions track the general improvement that occurred after starting HFCWO therapy. In answering the question "How would you rate your overall respiratory health?", the number of patients who answered positively ("good," "very good" or "excellent") increased from 13.6% to 60.5% after 1 year (*p*-value \< 0.001) ([Figure 4](#fig4-1753466620932508){ref-type="fig"}). Similarly, in answering the question "How would you rate your ability to clear your lungs?", the number of patients who answered positively increased from 13.9% to 76.6% after 1 year of HFCWO therapy (*p*-value \< 0.001) ([Figure 5](#fig5-1753466620932508){ref-type="fig"}). Again, the majority of the improvement for both questions was seen within the first month and sustained for at least 1 year.

![The proportion of patients who answered positively ("good," "very good," or "excellent") to the question: "How would you rate your overall respiratory health?" The *x*-axis indicates months since initiating high frequency chest wall oscillation therapy. Data were from the paired data set. Error bars are 95% confidence limits.](10.1177_1753466620932508-fig4){#fig4-1753466620932508}

![The proportion of patients who answered positively ("good," "very good," or "excellent") to the question: "How would you rate your ability to clear your lungs?" The *x*-axis indicates months since initiating high frequency chest wall oscillation therapy. Data were from the paired data set. Error bars are 95% confidence limits.](10.1177_1753466620932508-fig5){#fig5-1753466620932508}

In the phone survey, respondents indicate whether they have been admitted to an inpatient facility for worsening respiratory symptoms. Data from the medical chart review were compared against the data captured in the phone survey in order to assess whether the self-reported data were consistent with the information in the medical charts. [Table 3](#table3-1753466620932508){ref-type="table"} presents the results from the phone survey against corresponding hospitalization data from the medical charts. It is evident that, while there are differences between the two sources, the results are reasonably consistent. For example, for the post-therapy period based on paired data, 76.0% of the population self-reported that they had no hospital admissions for breathing difficulty, 13.3% reported one hospital admission, and 10.7% reported two or more in the year following the start of therapy. Based upon data from the chart reviews, 69.7% incurred no admissions, 18.2% experienced one, and 12.1% experienced two or more in the year following the start of therapy.

###### 

A comparison of the number of self-reported hospitalizations (paired data) compared with the number of hospitalizations found in the chart review.

![](10.1177_1753466620932508-table3)

  \# of admits    Self-reported   Chart review                           
  --------------- --------------- -------------- ----- ----------- ----- -----
  None            (199/297)       51%            76%   (112/138)   57%   70%
  1 admission     (93/52)         24%            13%   (55/36)     28%   18%
  2 admissions    (43/20)         11%            5%    (15/15)     8%    8%
  3+ admissions   (56/22)         14%            6%    (16/9)      8%    5%

Data are segmented by the number of hospitalizations and whether they occurred in the 12 months prior to or after initiation of high frequency chest wall oscillation therapy. *n* is shown as (number records prior to treatment/number of records after treatment).

Paired spirometry data forced expiratory volume at 1 s (FEV1) and forced vital capacity (FVC) were available in chart reviews for 41 patients. In comparison with the self-reported improvements in respiratory health and the ability to clear their lungs, improvements in pulmonary function were also found. Patients reported favorable responses (⩾3) to the "overall respiratory health" and "ability to clear their lungs" questions of 60.5% and 76.6%, respectively after 1 year of HFCWO treatment. This trend is generally consistent with percentage of patients showing an improvement in lung function during the same period; in the year after initiating HFCWO treatment, the percentage of patients showing at least a 4% increase in mean FEV1 and FVC was 39% and 48%, respectively.

Discussion {#section10-1753466620932508}
==========

This study showed that in patients with NCFB, the initiation of HFCWO was associated with reductions in patient-reported exacerbation rates, hospitalizations, antibiotic use, and improvements in respiratory symptoms and quality of life. Importantly these benefits were also observed in the frequent exacerbator subgroup. Moreover, the improvements in hospitalization rates, consistent with self-reported quality of life measures, suggest that patient health improvement is sustained for at least a year after initiating therapy.

Exacerbations of NCFB result in significant health-care utilization, as the costs for a single exacerbation can exceed US\$7827.^[@bibr30-1753466620932508]^ In addition, hospitalizations may result in prolonged periods of immobility and loss of muscle mass, as well as exposure to nosocomial pathogens.^[@bibr31-1753466620932508],[@bibr32-1753466620932508]^ Also, the reduction in oral antibiotic usage for respiratory conditions after initiation of HFCWO therapy is in agreement with the decrease in hospitalization rates. Although chronic macrolide therapy has been linked to improved outcomes regarding exacerbation rates in NCFB, data on the benefits of HFCWO therapy are a welcome addition as a non-pharmacologic alternative for this group of at-risk patients. These findings have important implications, because patients with frequent exacerbations may have a more pronounced lung function decline.^[@bibr33-1753466620932508],[@bibr34-1753466620932508]^

Changes in patients' perceived improvements in their lung health correlated with reduced hospitalization rates. The "respiratory health" question was intended to include symptoms like cough, chest pain, and dyspnea along with airway clearance. The response shows an important, sustained improvement, but not as marked as the "ability to clear lungs" question, which is more specific to airway clearance. This further supports the HFCWO mechanism of action. Both questions exhibit a similar pattern: a significant improvement within the first month, followed by continued improvement of a lesser degree out to 12 months. It remains unclear whether these improvements will continue to improve or are sustained beyond this specified time.

Self-reported findings were successfully validated against objective chart data within a reasonable degree of accuracy. The reasons for the difference may be the patients' recall bias or that chart data may not include all available records. The different spans of time covered by the two distinct sources created complexity in comparing the self-reported results with those from the chart reviews. Furthermore, the phone survey only asked about hospitalizations relating to breathing difficulty while the chart reviews captured all admissions. Thus, a complete correspondence between self-reported and objective data was neither possible nor expected.

The present study evaluated only one mode of HFCWO (i.e. triangle wave percussive pulse). Although smaller studies have shown that different modes of HFCWO improve clinical outcomes in patients with bronchiectasis, including the need for antibiotics and hospitalization rates in patients with bronchiectasis, additional studies are needed to explore the differences between these modes of airway clearance.^[@bibr23-1753466620932508][@bibr24-1753466620932508]--[@bibr25-1753466620932508]^

This study has inherent limitations that are common to registry studies that deserve mention. First, it is possible that other interventions were occurring at the same time as initiation of HFCWO therapy, potentially reflecting in an improvement in the various outcomes. For example, data on the different medication regimens and the time of initiation of these therapies were not available for comparison. In addition, mild exacerbations that did not require a hospital were not captured in the survey. This reflects a risk in attributing effectiveness to results that may be due to regression to the mean. However, the improvement in health status was seen across a number of measures, hospitalizations and quality of life. Importantly, the improvement was rapid, corresponded closely in time to initiation, and was sustained for at least a year. This makes regression to the mean unlikely. Despite the diverse range of real-world practice patterns, the response to HFCWO overall remained consistent.

A second limitation was that patients in the study were not randomly selected. It is possible that use of the device is correlated to an exacerbation or associated with an alternative treatment protocol which could artificially increase hospitalizations prior to initiating HFCWO therapy, produce an improvement in health status post-use not related to the device, or produce other effects. A variety of techniques were used to evaluate whether a bias was introduced when identifying patients for the quality of life survey or if other factors were influencing results. In addition to comparing results before and after initiating therapy, a cohort of patients with experience both before and after beginning therapy was separately evaluated. Study periods of 12 and 6 months before and after initiating therapy were evaluated to assist in determining whether results reflected a "crisis event" or other surge in service utilization prior to initiating therapy, and if apparent improvement was simply reflecting a return to an average health status. A review of service utilization patterns found that healthcare usage appeared modestly higher around the initiation of therapy. Possible explanations could include missing chart data prior to the initiation of therapy, a general deterioration of health status driving the new therapy, or possibly other factors.

A third limitation was that the diagnosis or severity of bronchiectasis was not independently confirmed by the investigators. The diagnosis was reported by the prescribing physician based on findings from a chest CT during the initial request for HFCWO therapy. Another limitation is that the survey utilized was not previously validated and future studies are still required to test these questions, in this and other clinical settings. It is significant that previous severity scores have used similar outcomes, such as hospitalizations and antibiotic use.^[@bibr8-1753466620932508]^ Finally, it is possible that the responders inaccurately recalled their exacerbations in the previous 12 months. Patient-reported outcomes certainly have this potential limitation and studies have mixed results regarding the accuracy of the report of significant events, in particular exacerbations in chronic lung disease.^[@bibr35-1753466620932508],[@bibr36-1753466620932508]^

Despite these limitations, the present study has several strengths. It is the largest series reported to date regarding the use of HFCWO therapy in NCFB patients. Prior studies have recruited a small number of patients and have had a limited follow-up period. Also, the present study evaluated various clinically relevant outcomes, including quality of life. Ideally, a randomized, sham-controlled, double-blind study would answer more accurately the efficacy of HFCWO therapy in NCFB. Nevertheless, the sham component would be difficult to design given the nature of the therapy (i.e. chest wall oscillation) and therefore would be impossible to blind. In addition, other sham studies have shown a considerable placebo effect, which decreases the validity of the findings.^[@bibr37-1753466620932508]^ Similarly, comparing different modalities of airway clearance in a blinded fashion would be problematic given the considerable differences among therapies. For these reasons, real-life or pragmatic studies are an alternative to address these important questions.

More research is necessary to further clarify the impact of HFCWO on NCFB, particularly for important outcomes like hospitalization rates and when best to initiate this therapy in the course of the disease. The question of long-term effectiveness is partially unanswered, and long-term outcomes studies are needed to elucidate whether there are sustained benefits with this treatment modality. A comparison between our highly targeted quality of life questions and broader surveys such as the QOL-B remains to be done.^[@bibr38-1753466620932508]^ In addition, it is not clear whether subgroups of patients with NCFB (i.e. COPD bronchiectasis overlap) may or may not have a higher likelihood of benefit.^[@bibr39-1753466620932508]^ The results presented here may have implications for health economics, particularly in regard to exacerbations and hospitalizations, but studies are required to estimate cost savings associated with HFCWO therapy.

Conclusion {#section11-1753466620932508}
==========

Adult NCFB patients showed improved outcomes associated with the initiation of HFCWO therapy as measured by number of hospitalizations, antibiotic use, and respiratory-specific quality of life questions. The improvement, correlated with chart reviews, was associated with the initiation of therapy and sustained for 1 year.
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